INTRODUCTION
Low iodine intake and/or utilisation result in hypothyroidism manifested by health disorders which can be further aggravated by factors affecting iodine utilisation, such as strumigens. Strumigens can either reduce the amount of iodine utilisable by the thyroid gland, or affect iodine metabolism (McDowell, 1992; Pennington, 1988) .
In the last decade, the conventional prophylaxis of human iodopoenia with potassium iodide in endemic iodine-deficient areas has been progressively replaced by oral or intramuscular administration of iodised fatty acid esters (IFAE) (Bourrinet et al., 1997; Delange, 1996; Zimmermann et al., 2000, and others) . Todd and Dunn (1998) consider iodised salt and oil as the most effective means of prophylaxis of iodine deficiency.
The major benefit of IFAE is their long-term action after a single oral or intramuscular administration. Oral treatment is simpler, but its effect persists for a shorter period (Bourrinet et al., 1997; Furnee et al., 1995) . Elnagar et al. (1995) demonstrated that the effect of single oral dose of IFAE containing 200 mg of iodine administered to adult humans persisted for one year. Mean efficacy period in children treated with IFAE containing 490 mg of iodine was 13.7 weeks when administered as a single dose and 9.9 weeks when the dose was split into halves. The effect of a single dose of triacyl glycerol fatty acid esters containing 675 mg of iodine persisted for 52.5 weeks. Dose splitting had no effect on retention and elimination of iodised oils and did not increase the treatment effect (Furnee et al., 1995) .
Data on iodine concentrations in animal tissues and on the use of iodised oils in animals are rather scarce. Oral dose of 10 mg of iodine per 1 kg of pigs body weight resulted in a rapid increase of blood iodine concentration culminating during several days after the treatment and persisting for 2.5 months. Maximum io- ABSTRACT: Experimental groups of pigs were treated orally with 120 mg (Group O 120), or 480 mg (Group O 480) of iodine per animal, or intramuscularly with 240 mg (Group I 240) of iodine per animal. Iodine was administered in the form of iodised fatty acid esters (IFAE). The treatment resulted in significantly increased iodine concentrations in tissues and a single dose was sufficient to meet the requirement for the whole fattening period (180 days). Urinary iodine concentrations in all the experimental groups were higher than in the control group C receiving iodine only from conventional feed. Urinary excretion of iodine between days 2 and 5 was more distinctive in orally treated than in intramuscularly treated animals ( Figure 1 ). Iodine concentrations at the end of the fattening period (day 180) were higher in the treated than in the control groups. The treatment effect was more marked in Groups O 480 and I 240 than in Group O 120. The dynamics of blood serum iodine concentrations was similar to urinary concentrations ( Figure 2 ). Mean thyroid gland weights in the groups O 120, O 480, I 240, and C were 9.19, 8.51, 7.10, and 12.01 g, respectively. An opposite tendency was observed for iodine concentrations in thyroid gland dry matter (Figure 3) . No effects of any of the treatments on total protein, albumin, total lipids, or cholesterol concentrations in blood serum were observed. Group C showed lower tissue iodine concentrations than any of the experimental groups. The only exception was hepatic tissue in which approximately the same iodine concentrations were found in all the groups. Data obtained in Groups O 120, O 480, and I 240 indicate that decisive for tissue concentrations was rather the dose of iodine than the route of administration. Iodine is stored above all in the thyroid gland and adipose tissue. As can be seen in Figure 4 , its concentration was higher in muscles with a higher proportion of fat (neck) than in lean muscles (ham). For free full paper in pdf format see http://www.vri.cz/vetmed.asp Keywords: Lipiodol ® UF; muscular and lipid tissues; thyroid gland; triiodothyronine; thyroxine; total protein; albumin; total lipids; cholesterol dine concentrations in blood serum of sheep given the same dose intramuscularly were observed on day 25 and the return to initial values after 5 months. Maximum concentrations in orally treated animals were reached within 17 days and a decrease was observed after 1.5 months (Chambon and Chastin, 1993) . Azuolas and Caple (1984) demonstrated significantly higher milk iodine concentrations 16 months after a single intramuscular administration of 1 ml of iodised oil. Transplacental transfer of iodine and iodine secretion in milk was demonstrated in pregnant rabbits treated with iodised oil (Bourrinet et al., 1997) .
Iodine concentration in animal food products can be effectively regulated by iodine intake from feeds. In mammals, approximately 80% of the total iodine amount is contained in the thyroid gland and the rest in soft tissues, particularly muscles and liver (Downer et al., 1981) . Kaufmann and Rambeck (1998) , who fed pigs a diet containing 30 mg of iodine per 1 kg, found higher concentrations of iodine in kidneys than in the liver, heart and muscles. No data on iodine concentrations in tissues of animals treated with IFAE were found in available literature.
The objective of the experiment was to establish whether a single oral or intramuscular administration of IFAE will meet the requirement of pigs for iodine for the whole fattening period and to identify tissues in which the treatment results in increased iodine concentrations.
MATERIAL AND METHODS

Animals
Twenty-four castrated male White Large × Landrace crosses with a mean body weight of 15.0 ± 2.62 were divided into four groups of six. During the experimental period, all the pigs were fed a diet without iodine supplementation, consisting of wheat (69.3%) barley (20.0%), extracted soybean meal (10.0%), dicalcium phosphate (0.5%), and iodine-free feeding salt (0.2%). Nutrients in the diet and its components (Table 1) were determined by methods laid down in the Czech Standard ČSN 46 7092 (1986) and Regulation No. 222/1996 of the Ministry of Agriculture of the Czech Republic. The pigs were fed twice a day (at 07.00 and 16.00) and the amounts of consumed feed were recorded on each feeding.
Iodine preparation and design of experiment
Six untreated pigs were used as the control group C. The pigs of group O 120 received a single oral dose of IFAE (Lipiodol ® Ultra Fluid, Byk Gulden, France) containing 120 mg of iodine. The doses was contained in gelatine capsules and mixed with a small amount of feed. Group O 480 was given orally 480 mg of iodine per animal in the same way, and Group I 240 was treated intramuscularly with a single dose of 240 mg of iodine in IFAE. The experiments were carried out in the facilities of Veterinary Research Institute, Brno and principles of experiments on animals, laid down by Regulation No. 194/1996 of the Ministry of Agriculture of the Czech Republic, were strictly observed.
Urinary samples
Samples were collected on day 0 (before administration of IFAE), and daily during five four-day balance periods starting on days 2, 36, 66, 128, and 180. The pigs were kept in metabolic cages and urine was collected into calibrated vessels. Daily volumes of excreted urine were measured and daily means and means for each period were calculated. Iodine concentrations were determined in aliquots of pooled urine for each period.
Blood samples
Samples were collected from the jugular vein on day 0 and on the last day of each balance period.
Tissue samples
Samples of muscular (neck, ham), adipose (abdominal and back fat), and hepatic tissues, skin and the thyroid gland were collected after slaughter on day 180 of the experiment.
Analysis
All the samples were processed by dry alkaline ashing at 600°C and iodine concentrations were determined spectrophotometrically by the method of SandellKolthoff (Bednář et al., 1964) . The principle of the meth- od, by which total inorganic and protein-bound iodine is determined, consists in iodine-catalysed reduction of Ce 4+ to Ce 3+ in the presence of As 3+ . Blood serum samples were tested for total protein, cholesterol, and total lipid concentrations using the Bio-La sets (Lachema, Brno, Czech Republic), albumin concentration by the method of Dvořák (1981) , and triiodothyronine (T 3 ) and thyroxine (T 4 ) by radioimmunoanalysis (Humalab, Košice, Slovakia). Specific gravity of urine was determined. The results were processed using the statistical and graphic software STAT Plus (Matoušková et al., 1992) .
RESULTS AND DISCUSSION
Iodine concentrations in urine and blood serum and selected parameters of homeostasis were monitored in groups of swine after a single oral or parenteral administration of iodised oils. The monitoring was concluded by determination of iodine concentrations in selected tissues after slaughter.
Urinary iodine concentrations
During the first balance period (days 2-5), the urinary iodine concentrations were highly significantly higher (P < 0.01) in the experimental than in the control groups. The effect was more distinctive in Groups O 120 and O 480 than in Group I 240. The subsequent balance periods were characterised by a progressive decrease in urinary iodine concentrations which was again more distinctive in Groups O 120, and O 480. At the end of the experiment (day 180), urinary iodine concentrations in all the experimental groups (41 µg/l for O 120, 164 µg/l for O 480, and 148 µg/l for I 240) were higher than in the control group (18 µg/l). The difference was more distinctive in Groups I 240 and O 480 (Figure 1) .
Due to the significant correlation between iodine intake and excretion, urinary iodine concentration is the most accurate indicator of biological availability of dietary iodine and of the iodine status of the organism (Phillips et al., 1988; Furnee et al., 1995; Herzig et al., 1996; Ingenbleek et al., 1997) . The rate of urinary iodine excretion after oral intake depends on many factors including the iodised oil type, goitre, infection by intestinal parasites, sex, amount of adipose tissue, season, and feeding of cassava (Furnee, 1997; Furnee et al., 1997) . In lactating females, a considerable amount of iodine is excreted in milk.
Blood serum iodine concentration
The dynamics of iodine concentrations in blood serum was similar to that found in urine. Control pigs showed very low concentrations indicative of an insufficient intake of dietary iodine throughout the experimental period (Figure 2 ). Well balanced concentrations were found in Group I 240. The results have confirmed the assumption that a single intramuscular or a higher oral dose of IFES can ensure an appropriate iodine status for the whole fattening period. This conclusion is consistent with the data of Chambon and Chastin (1993) , (mg) log who found increased blood serum iodine concentrations in pigs persisting for 2.5 months.
Thyroid gland hormones and parameters of homeostasis
Variations of T 3 concentrations throughout the experimental period were approximately the same in all the groups and no significant difference was demonstrable between the control and the experimental groups. T 4 concentrations began to increase almost linearly in all the experimental groups on day 128 from 6.5 to 52.4 nmol per l. At the end of the experiment (day 180) the concentrations were lower than in the preceding period. The very low concentrations in the control group (6.3 to 19.8 nmol/l) were indicative of iodine deficiency.
The administration of IFAE had no effect on concentrations of total proteins, albumin, total lipids, or cholesterol in blood serum. Total protein and albumin concentrations rose regularly up to day 180 from 54.4 to 69.4 g/l and from 13.0 to 20.8 g/l, respectively. Total lipid concentrations decreased moderately from day 0 to day 36 and then increased up to day 180 from 3.5 to 3.6 g/l. The same tendency was observed for cholesterol (from 2.3 to 3.2 nmol/l). No significant differences were found either between the control and any of the experimental groups or between the experimental groups. None of the concentrations exceeded the respective reference range (Tlučhoř, 2001) . 
Thyroid gland weight and iodine concentration
The highest mean thyroid gland weight was found in Group C (12.0 ± 2.97 g). The corresponding vales for Group O 120, O 480, and I 240 were 9.2 ± 1.50, 8.5 ± 0.81, and 8.3 ± 1.54 g, respectively (Figure 3) . The values for Groups O 480 and I 240 were significantly (P < 0.05) lower than those for controls. Iodine concentrations in thyroid gland dry matter in Groups C, O 120, O 480, and I 240 were 127 ± 50 g/kg, 489 ± 665 g/kg, 442 ± 231 g/kg, and 742 ± 520 g/kg, respectively.
Iodine concentrations in selected tissues after slaughter
Group C showed lower tissue iodine concentrations than any of the experimental groups (Figure 4 ). The only exception was hepatic tissue in which approximately the same iodine concentrations were found in all the groups. The hepatic tissue apparently does not rank among significant stores of iodine from iodised oils. Degradation products of thyroid hormones are excreted in bile. Data obtained in the experimental groups indicate that decisive for tissue concentrations was rather the dose of iodine than the route of administrations. The analyses were done to identify tissues from which iodine was released during the fattening period. The results indicate that the major iodine reservoirs are the thyroid gland and adipose tissue. This finding is also supported by differences in iodi-ne concentrations between muscles with higher proportions of fat (neck) and lean muscles (ham) ( Table 2 ).
The natural source of iodine present in foods and feeds is soil. The results of a survey conducted by WHO have confirmed that Central Europe must be regarded as an area with endemic prevalence of goitre (Luckas, 1986) . Due to the geological structure and distance from the sea, the iodine content in the soil in the Czech Re- public is insufficient for saturation of the food chain. Considering the mineralogical structure, the major part of the Czech Republic, composed of crystallite and volcanic rocks, is affected by moderate to distinctive iodine deficiency. Although iodine content in sedimented rocks is generally higher, in this case it is still insufficient. Therefore, the necessary level of iodine intake is ensured for the human population by salt iodisation and for the animal population by inclusion of iodine compounds into mineral supplements. However, salt consumption and thereby also iodine intake, are currently decreasing owing to the campaign against cardiovascular diseases. Much attention is paid to the enhancement of the thyroid gland function in foetuses and new-born babies by sufficient intake of iodine in pregnant and lactating women (Anonymous, 1996) . The demand for iodine in animals is further increased by the action of natural and anthropogenic goitrogenic factors. Much attention is paid in the Czech Republic to meet the demand for iodine in animal populations (Herzig et al., , 1999 (Herzig et al., , 2000 Kroupová et al., 1998; Kursa et al., 1997; , because, apart from the effect on animal health, a low iodine concentration in foods of animal origin aggravates iodine deficiency in the human population.
